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©  Process  for  the  preparation  of  a  feedstock  for  carbon  artifact  manufacture. 
An  isotropic carbonaceous  pitch  is  fluxed,  preferably  with 

an  organic  liquid  to  render  the  pitch  fluid.  The  fluxed  pitch  is 
introduced  into  a  heating  zone  (2)  maintained  in  the  range 
350°C  to  450°C  to  heat  soak  the  fluxed  pitch.  Some  of  the 
fluxed  pitch  is  drawn  off,  after  an  average  residence  time  of 30 
to  300  minutes,  from  the  heating  zone  (2)  and  transferred  to  a 
cooling  zone  (6).  The  cooling  zone  temperature  is  above  the 
freezing  point  of the  fluxed  pitch  but  below  the  temperature  in 
heating  zone  (2).  Any  solids  suspended  in  the  fluxed  pitch 
after  the  heat  soaking  and  cooling  are  removed  in  a  filtering 
zone  (14)  to  give  a  fluid  pitch.  The  fluid  pitch  is  treated  with 
one  or  more  anti-solvent  organic  compounds  in  a  zone  (17)  to 
precipitate  at  least  a  portion  of  the  pitch  free  of  quinoline- 
insoluble  solids.  The  precipitated  portion  is  collected  as  the 

required  feedstock. 





The  s u b j e c t   i n v e n t i o n   i s   c o n c e r n e d   g e n e r a l l y  

w i t h   a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f   a  f e e d s t o c k   f o r  

c a r b o n   a r t i f a c t   m a n u f a c t u r e   f r o m   c a r b o n a c e o u s   r e s i d u e s   o f  

p e t r o l e u m   o r i g i n   i n c l u d i n g   d i s t i l l e d   or   c r a c k e d   r e s i d u u m s  

of  c r u d e   o i l   and  h y d r o d e s u l f u r i z e d   r e s i d u e s   of  d i s t i l l e d  

or  c r a c k e d   c r u d e   o i l .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n  

i s   c o n c e r n e d   w i t h   t h e   t r e a t m e n t   o f  c a r b o n a c e o u s   g r a p h i -  

t i z a b l e   p e t r o l e u m   p i t c h e s   to   o b t a i n   a  f e e d s t o c k   e m i n e n t l y  

s u i t a b l e   f o r   c a r b o n   f i b e r   p r o d u c t i o n .  

C a r b o n   a r t i f a c t s   h a v e   b e e n   made  by  p y r o l y z i n g  

a  w i d e   v a r i e t y   of   o r g a n i c   m a t e r i a l s .   One  c a r b o n   a r t i f a c t  

of  c o m m e r c i a l   i n t e r e s t   t o d a y   i s   c a r b o n   f i b e r .   H e n c e ,  

p a r t i c u l a r   r e f e r e n c e   i s   made  h e r e i n   to   c a r b o n   f i b e r   t e c h -  

n o l o g y .   N o n e t h e l e s s ,   i t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h i s  

i n v e n t i o n   h a s   a p p l i c a b i l i t y   to   c a r b o n   a r t i f a c t   f o r m a t i o n  

g e n e r a l l y   a n d ,   m o s t   p a r t i c u l a r l y ,   to   t h e   p r o d u c t i o n   o f  

s h a p e d   c a r b o n   a r t i c l e s   in   t h e   f o r m   of   f i l a m e n t s ,   y a r n s ,  
r i b b o n s ,   f i l m s   s h e e t s   and  t h e   l i k e .  

R e f e r r i n g   now  in  p a r t i c u l a r   to   c a r b o n   f i b e r s ,  

s u f f i c e   i t   to   say   t h a t   t h e   u s e   of  c a r b o n   f i b e r s   in   r e i n -  

f o r c i n g   p l a s t i c   and  m e t a l   m a t r i c e s   h a s   g a i n e d   c o n s i d e r a -  

b l e   c o m m e r c i a l  a c c e p t a n c e  w h e r e   t h e   e x c e p t i o n a l   p r o p e r t i e s  

of  t h e   r e i n f o r c i n g   c o m p o s i t e   m a t e r i a l s   s u c h   as  t h e i r   h i g h  

s t r e n g t h - t o - w e i g h t   r a t i o s   c l e a r l y   o f f s e t   t h e   g e n e r a l l y  

h i g h   c o s t s   a s s o c i a t e d   w i t h   p r e p a r i n g   t h e m .   I t   i s   g e n e r -  

a l l y   a c c e p t e d   t h a t   l a r g e   s c a l e   u s e   of   c a r b o n   f i b e r s   a s  

a  r e i n f o r c i n g   m a t e r i a l   w o u l d   g a i n   e v e n   g r e a t e r   a c c e p t -  

a n c e   in   t h e   m a r k e t p l a c e   i f   t h e   c o s t s   a s s o c i a t e d   w i t h   t h e  

f o r m a t i o n   of  t h e   f i b e r s   c o u l d   be  s u b s t a n t i a l l y   r e d u c e d .  

T h u s ,   t h e   f o r m a t i o n   of  c a r b o n   f i b e r s   f r o m   r e l a t i v e l y  

i n e x p e n s i v e   c a r b o n a c e o u s   p i t c h e s   h a s   r e c e i v e d   c o n s i d e r -  

a b l e   a t t e n t i o n   in   r e c e n t   y e a r s .  

Many  c a r b o n a c e o u s   p i t c h e s   a r e   known  to   be  c o n -  

v e t t e d   a t   t h e   e a r l y   s t a g e s   of  c a r b o n i z a t i o n   to   a  s t r u c -  

t u r a l l y   o r d e r e d ,   o p t i c a l l y   a n i s o t r o p i c   s p h e r i c a l   l i q u i d  

c a l l e d   m e s o p h a s e .   The  p r e s e n c e   of   t h i s   o r d e r e d   s t r u c t u r e  



p r i o r   to   c a r b o n i z a t i o n   i s   c o n s i d e r e d   to   be  a  s i g n i f i c a n t  

d e t e r m i n a n t   of   t h e   f u n d a m e n t a l   p r o p e r t i e s   of   any   c a r b o n  

a r t i f a c t   made  f r o m   s u c h   a  c a r b o n a c e o u s   p i t c h .   The  a b i l i -  

t y   t o   g e n e r a t e   h i g h   o p t i c a l   a n i s o t r o p i c i t y   d u r i n g   p r o c -  

e s s i n g   i s   g e n e r a l l y   a c c e p t e d ,   p a r t i c u l a r l y   in   c a r b o n   f i b e r  

p r o d u c t i o n ,   as  a  p r e r e q u i s i t e   t o   t h e   f o r m a t i o n   o f   h i g h  

q u a l i t y   p r o d u c t s .   T h u s ,   one   o f   t h e   f i r s t   r e q u i r e m e n t s   o f  

any   f e e d s t o c k   m a t e r i a l   s u i t a b l e   f o r   c a r b o n   f i b e r   p r o d u c -  

t i o n   i s   i t s   a b i l i t y   to   be  c o n v e r t e d   t o   a  h i g h l y   o p t i c a l l y  

a n i s o t r o p i c   m a t e r i a l .  

As  i s   w e l l   k n o w n ,   p i t c h e s   t y p i c a l l y   i n c l u d e   i n -  

s o l u b l e   a n d   i n f u s i b l e   m a t e r i a l s   w h i c h   a r e   i n s o l u b l e   i n  

o r g a n i c   s o l v e n t s   s u c h   as  q u i n o l i n e   or   p y r i d i n e .   T h e s e  

i n s o l u b l e   m a t e r i a l s ,   c o m m o n l y   r e f e r r e d   to   as  q u i n o l i n e  

i n s o l u b l e s ,   n o r m a l l y   c o n s i s t   o f   c o k e ,   c a r b o n   b l a c k ,   c a t a -  

l y s t   f i n e s   and   t h e   l i k e .   In   c a r b o n   f i b e r   p r o d u c t i o n ,   i t  

i s   n e c e s s a r y ,   of   c o u r s e ,   to   e x t r u d e   t h e   p i t c h   t h r o u g h   a  

s p i n n e r e t t e   h a v i n g   v e r y   f i n e   o r i f i c e s .   C o n s e q u e n t l y ,  

t h e   p r e s e n c e   of   any  q u i n o l i n e   i n s o l u b l e   m a t e r i a l   i s  

h i g h l y   u n d e s i r a b l e   s i n c e   i t   c a n   p l u g   or   o t h e r w i s e   f o u l  

t h e   s p i n n e r e t t e   d u r i n g   f i b e r   f o r m a t i o n .  

A d d i t i o n a l l y ,   s i n c e   m a n y  c a r b o n a c e o u s   p i t c h e s   h a v e  

r e l a t i v e l y   h i g h   s o f t e n i n g   p o i n t s ,   i n c i p i e n t   c o k i n g   f r e -  

q u e n t l y   o c c u r s   in   s u c h   m a t e r i a l s   a t   t e m p e r a t u r e s   w h e r e  

t h e y   e x h i b i t   s u f f i c i e n t   v i s c o s i t y   f o r   s p i n n i n g .   T h e  

p r e s e n c e   of   c o k e   and  o t h e r   i n f u s i b l e   m a t e r i a l s   a n d / o r  

u n d e s i r a b l y   h i g h   s o f t e n i n g   p o i n t   c o m p o n e n t s   g e n e r a t e d  

p r i o r   to   or   a t   t h e   s p i n n i n g   t e m p e r a t u r e s   a r e   d e t r i m e n t a l  

to   p r o c e s s a b i l i t y   and  p r o d u c t   q u a l i t y .   M o r e o v e r ,   a  c a r b o n -  

a c e o u s   p i t c h   or   f e e d s t o c k   f o r   c a r b o n   f i b e r   p r o d u c t i o n   m u s t  

h a v e   a  r e l a t i v e l y   low  s o f t e n i n g   p o i n t   or   s o f t e n i n g   p o i n t  

r a n g e   and  a  v i s c o s i t y   s u i t a b l e   f o r   s p i n n i n g   t h e   f e e d s t o c k  

i n t o   f i b e r s .   F i n a l l y ,   t h e   f e e d s t o c k   m u s t   n o t   c o n t a i n  

c o m p o n e n t s   w h i c h   a r e   v o l a t i l e   a t   s p i n n i n g   or   c a r b o n i z a -  

t i o n   t e m p e r a t u r e s   s i n c e   s u c h   c o m p o n e n t s   a l s o   a r e   d e t r i -  

m e n t a l   to   p r o d u c t   q u a l i t y .  



S i g n i f i c a n t l y ,   i t   r e c e n t l y   h a s   b e e n   d i s c l o s e d  

in   U . S .   P a t e n t   No.  4 , 2 0 8 , 2 6 7 ,   g r a n t e d   J u n e   17,   1 9 8 0 ,   t h a t  

t y p i c a l   g r a p h i t i z a b l e   c a r b o n a c e o u s   p i t c h e s   c o n t a i n   a  

s e p a r a b l e   f r a c t i o n   w h i c h   p o s s e s s e s   v e r y   i m p o r t a n t   p h y s i -  

c a l   and  c h e m i c a l   p r o p e r t i e s   i n s o f a r   as  c a r b o n   f i b e r   p r o c -  

e s s i n g   i s   c o n c e r n e d .   I n d e e d ,   t h i s   s e p a r a b l e   f r a c t i o n   o f  

t y p i c a l  g r a p h i t i z a b l e   c a r b o n a c e o u s   p i t c h e s   e x h i b i t s   a  

s o f t e n i n g   r a n g e   and  v i s c o s i t y   s u i t a b l e   f o r   s p i n n i n g   a n d  

h a s   t h e   a b i l i t y   to   be  c o n v e r t e d   r a p i d l y   a t   t e m p e r a t u r e s  

in   t h e   r a n g e   g e n e r a l l y   of  a b o u t   230°C  to  a b o u t   400°C  t o  

an  o p t i c a l l y   a n i s o t r o p i c   d e f o r m a b l e   p i t c h   c o n t a i n i n g  

g r e a t e r   t h a n   75%  of   a  l i q u i d   c r y s t a l   t y p e   s t r u c t u r e .  

S i n c e   t h i s   h i g h l y   o r i e n t e d   o p t i c a l l y   a n i s o t r o p i c   p i t c h  

m a t e r i a l   f o r m e d   f r o m   a  f r a c t i o n   of  an  i s o t r o p i c   c a r b o n -  

a c e o u s   p i t c h   has   s u b s t a n t i a l   s o l u b i l i t y   in   p y r i d i n e   a n d  

q u i n o l i n e ,   i t   has   b e e n   named  n e o m e s o p h a s e   to   d i s t i n g u i s h  

i t   f r o m   t h e   p y r i d i n e   and  q u i n o l i n e   i n s o l u b l e   l i q u i d  

c r y s t a l   m a t e r i a l s   l o n g   s i n c e   known  and  r e f e r r e d   to   in   t h e  

p r i o r   a r t   as  m e s o p h a s e .   The  a m o u n t   of   t h i s   s e p a r a b l e  

f r a c t i o n   of  p i t c h   p r e s e n t   in   w e l l   known  c o m m e r c i a l l y  

a v a i l a b l e   g r a p h i t i z a b l e   p i t c h e s ,   s u c h   as  A s h l a n d   240  a n d  

and  A s h l a n d   260 ,   to   m e n t i o n   a  f ew,   i s   r e l a t i v e l y   l o w ;  

h o w e v e r ,   as  i s   d i s c l o s e d   in   U . S .   P a t e n t   No.  4 , 1 8 4 , 9 4 2 ,  

g r a n t e d   J a n u a r y   22,  1 9 8 0 ,   t h e   a m o u n t   of  t h a t   f r a c t i o n   o f  

t h e   p i t c h   w h i c h   i s   c a p a b l e   of  b e i n g   c o n v e r t e d   to   n e o m e s o -  

p h a s e   c an   be  i n c r e a s e d   by  h e a t   s o a k i n g   g r a p h i t i z a b l e   i s o -  

t r o p i c   c a r b o n a c e o u s   p i t c h e s   a t   t e m p e r a t u r e s   in   t h e   r a n g e  

of   a b o u t   350°C  to  a b o u t   450°C  g e n e r a l l y   u n t i l   s p h e r u l e s  

can   be  o b s e r v e d   v i s u a l l y   in   s a m p l e s   of  t h e   h e a t e d   p i t c h  

u n d e r   p o l a r i z e d   l i g h t   a t   m a g n i f i c a t i o n   f a c t o r s   of   f r o m  

1OX  to   1000X.   H e a t i n g   of  s u c h   p i t c h e s   t e n d s   to   r e s u l t  

in   t h e   g e n e r a t i o n   of   a d d i t i o n a l   s o l v e n t   i n s o l u b l e   s o l i d s ,  

b o t h   i s o t r o p i c   and  a n i s o t r o p i c ,   h a v i n g   s i g n i f i c a n t l y  

h i g h e r   s o f t e n i n g   p o i n t s   and  v i s c o s i t i e s   w h i c h   a r e   g e n e r a l -  

ly   n o t   s u i t a b l e   f o r   s p i n n i n g .  

A  p a r t i c u l a r l y   p r e f e r r e d   t e c h n i q u e   f o r   s e p a -  

r a t i n g   t h e   q u i n o l i n e   i n s o l u b l e   s u b s t a n c e s   and  o t h e r  



u n d e s i r a b l e   h i g h   s o f t e n i n g   p o i n t   c o m p o n e n t s   p r e s e n t   i n  

i s o t r o p i c   c a r b o n a c e o u s   f e e d s t o c k s ,   and  p a r t i c u l a r l y   i s o -  

t r o p i c   c a r b o n a c e c o u s   g r a p h i t i z a b l e   p i t c h e s ,   r e q u i r e s  

f l u x i n g   t h e   f e e d s t o c k   w i t h   an  o r g a n i c   s o l v e n t ,   t h e r e b y  

p r o v i d i n g   a  f l u i d   p i t c h   h a v i n g   s u b s t a n t i a l l y   a l l   of   t h e  

q u i n o l i n e   i n s o l u b l e   m a t e r i a l   of   t h e   p i t c h   s u s p e n d e d   in   t h e  

f l u i d   and  t h e r e a f t e r   s e p a r a t i n g   t h e   s u s p e n d e d   s o l i d   b y  

s u c h   s t a n d a r d   s e p a r a t i o n   t e c h n i q u e s   s u c h   as  f i l t r a t i o n ,  

c e n t r i f u g a t i o n   and   t h e   l i k e .   The  f l u i d   p i t c h   f r e e   o f  

s u s p e n d e d   s o l i d s   i s   t h e n   t r e a t e d   w i t h   an  a n t i s o l v e n t  

c o m p o u n d   so  as   to   p r e c i p i t a t e   a t   l e a s t   a  s u b s t a n t i a l  

p o r t i o n   of   t h e   p i t c h   f r e e   of   q u i n o l i n e   i n s o l u b l e   s o l i d s  

and   c a p a b l e   o f   b e i n g   t h e r m a l l y   c o n v e r t e d   to   n e o m e s o p h a s e .  

The  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   h e a t  s o a k i n g  

of   a  f l u x e d   i s o t r o p i c   c a r b o n a c e o u s   p i t c h ,   e s p e c i a l l y  

t h e   c o n t i n u o u s   h e a t   s o a k i n g   o f   t h e   f l u x e d   p i t c h ,   t h e r e b y  

f a c i l i t a t i n g   t h e   h a n d l i n g   o f   t h e   p i t c h ,   t h e   s e p a r a t i o n  

of   q u i n o l i n e   i n s o l u b l e s   and   o t h e r   h i g h   s o f t e n i n g   c o m p o -  

n e n t s   f rom  t h e   p i t c h ,   and   t h e   s u b s e q u e n t   s e p a r a t i o n   o f  

t h a t   f r a c t i o n   of   t h e   p i t c h   w h i c h   i s   c a p a b l e   of   b e i n g  

r a p i d l y   c o n v e r t e d   by  h e a t i n g   to   an  o p t i c a l l y   a n i s o t r o p i c  

p h a s e   s u i t a b l e   in   c a r b o n   a r t i f a c t   m a n u f a c t u r e .  

B r o a d l y   s t a t e d ,   t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s :  

f l u x i n g   an  i s o t r o p i c   c a r b o n a c e o u s   p i t c h   t h e r e b y   r e n d e r i n g  

t h e   p i t c h   f l u i d .   N e x t ,   t h e   f l u x e d   p i t c h   i s   i n t r o d u c e d  

i n t o   a  h e a t i n g   z o n e  w h e r e   t h e   t e m p e r a t u r e   i s   m a i n t a i n e d  

in   t h e   r a n g e   of   f r o m   a b o u t   350°C  t o   a b o u t   4 5 0 ° C ,   t h e r e b y  

r e s u l t i n g   in   t h e   h e a t   s o a k i n g   of   t h e   f l u x e d   p i t c h .   I n  

a  c o n t i n u o u s   p r o c e s s ,   a t   l e a s t   some  of   t h e   f l u x e d  

p i t c h   i s   s i m u l t a n e o u s l y   r e m o v e d   or   d r a w n   o f f   f r om  t h e  

h e a t i n g   zone   and  t r a n s f e r r e d   to   a  c o o l i n g   z o n e .   T h e  

t e m p e r a t u r e   in   t h e   c o o l i n g   z o n e   g e n e r a l l y   r a n g e s   f r o m  

a b o v e   t h e   f r e e z i n g   p o i n t   o f   t h e   f l u x e d   p i t c h   to   b e l o w   t h e  

t e m p e r a t u r e   in   t h e   h e a t i n g   z o n e ,   and  i n   a  p a r t i c u l a r l y  

p r e f e r r e d   e m b o d i m e n t   i s   m a i n t a i n e d   a t   t h e   b o i l i n g   p o i n t  

of   t h e   o r g a n i c   l i q u i d   u s e d   to   f l u x   t h e   p i t c h .   Any  s o l i d s  



s u s p e n d e d   in   t h e   f l u x e d   p i t c h   a f t e r   h e a t   s o a k i n g   a n d  

c o o l i n g   a r e   r e m o v e d   by  f i l t e r i n g   or   t h e   l i k e .   T h e r e a f t e r ,  

t h e   f l u x e d ,   h e a t   s o a k e d   p i t c h   i s   t r e a t e d   w i t h   an  a n t i -  

s o l v e n t   c o m p o u n d   so  as  to  p r e c i p i t a t e   a t   l e a s t   a  p o r t i o n  

of   t h e   p i t c h   f r e e   of  q u i n o l i n e   i n s o l u b l e   s o l i d s .  

The  f l u x i n g   c o m p o u n d s   s u i t a b l e   in   t h e   p r a c t i c e  

of   t h e   p r e s e n t   i n v e n t i o n   i n c l u d e   t o l u e n e ,   l i g h t   a r o m a t i c  

g a s   o i l ,   h e a v y   a r o m a t i c   gas   o i l ,   t e t r a l i n   and   t h e   l i k e  

when  u s e d   in   t h e   r a t i o ,   f o r   e x a m p l e ,   of   f r o m   a b o u t   . 5  

p a r t s   by  w e i g h t   of   f l u x i n g   c o m p o u n d s   p e r   w e i g h t   of   p i t c h  

to   a b o u t   3  p a r t s   by  w e i g h t   of   f l u x i n g   c o m p o u n d   p e r   w e i g h t  

of   p i t c h .   P r e f e r a b l y   t h e   w e i g h t   r a t i o   of   f l u x i n g   c o m -  

p o u n d   to   p i t c h   i s   in   t h e   r a n g e   of   a b o u t   0 . 5   t o   a b o u t   1 : 1 .  

Among  t h e   a n t i - s o l v e n t s   s u i t a b l e   in   t h e   p r a c -  
t i c e   of  t h e   p r e s e n t   i n v e n t i o n   a r e   t h o s e   s o l v e n t s   in  w h i c h  

i s o t r o p i c   c a r b o n a c e o u s   p i t c h e s   a r e   r e l a t i v e l y   i n s o l u b l e  

and   s u c h   a n t i s o l v e n t   s u b s t a n c e s   i n c l u d e   a l i p h a t i c   a n d  

a r o m a t i c   h y d r o c a r b o n s   s u c h   as  h e p t a n e   and  t h e   l i k e .   F o r  

r e a s o n s   w h i c h   a r e   d e s c r i b e d   h e r e i n a f t e r   in   g r e a t e r   d e t a i l ,  

i t   i s   p a r t i c u l a r l y   p r e f e r r e d   t h a t   t h e   a n t i - s o l v e n t  

e m p l o y e d   in  t h e   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n   h a v e   a  

s o l u b i l i t y   p a r a m e t e r   of   b e t w e e n   a b o u t   8 .0   and  9 .5   a t   2 5 ° C .  

T h e s e   and  o t h e r   e m b o d i m e n t s   of  t h e   p r e s e n t   i n -  

v e n t i o n   w i l l   be  more   r e a d i l y   u n d e r s t o o d   f r o m   t h e   f o l l o w i n g  

d e t a i l e d   d e s c r i p t i o n ,   p a r t i c u l a r l y   when  r e a d   in   c o n j u n c -  

t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s .  

F i g u r e   1  i s   a  f l o w   c h a r t   i l l u s t r a t i n g   t h e   p r o c -  

e s s   of   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   2  i s   a  s c h e m a t i c   f l o w   d i a g r a m   of  a  p r o c -  

e s s   f o r   p r o d u c i n g   a  f e e d s t o c k   e m i n e n t l y   s u i t a b l e   f o r  

c a r b o n   f i b e r   f o r m a t i o n   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .  

The  t e r n   " p i t c h "   as  u s e d   h e r e i n   m e a n s ' p e t r o l e u m  

p i t c h e s ,   n a t u r a l   a s p h a l t   and  p i t c h e s   o b t a i n e d   as  b y -  

p r o d u c t s   in  t h e   a n p h t h a   c r a c k i n g   i n d u s t r y ,   p i t c h e s   o f  

h i g h   c a r b o n   c o n t e n t   o b t a i n e d   f r o m   p e t r o l e u m ,   a s p h a l t   a n d  

o t h e r   s u b s t a n c e s   h a v i n g   p r o p e r t i e s   of   p i t c h e s   p r o d u c e d  



as  b y - p r o d u c t s   in   v a r i o u s   i n d u s t r i a l   p r o d u c t i o n   p r o c e s s e s .  
The  t e r m   " p e t r o l e u m - p i t c h "   r e f e r s   to   t h e  

r e s i d u u m   c a r b o n a c e o u s   m a t e r i a l   o b t a i n e d   f r o m   t h e   t h e r m a l  

and   c a t a l y t i c   c r a c k i n g   of   p e t r o l e u m   d i s t i l l a t e s   i n c l u d i n g  

a  h y d r o d e s u l f u r i z e d   r e s i d u u m   of   d i s t i l l e d   a n d  c r a c k e d  

c r u d e   o i l s .  

G e n e r a l l y   p i t c h e s   h a v i n g   a  h i g h   d e g r e e   o f   a r o -  

m a t i c i t y   a r e   s u i t a b l e   f o r   c a r r y i n g   o u t   t h e   p r e s e n t   i n v e n -  

t i o n .   I n d e e d ,   a r o m a t i c   c a r b o n a c e o u s   p i t c h e s   h a v i n g   h i g h  

a r o m a t i c   c a r b o n   c o n t e n t s   of   f r o m   a b o u t   75%  to   a b o u t   90% 

as  d e t e r m i n e d   by  n u c l e a r   m a g n e t i c   r e s o n a n c e   s p e c t r o s c o p y  

a r e   g e n e r a l l y   u s e f u l   in   th .e   p r o c e s s   o f   t h i s   i n v e n t i o n .  

So,  t o o ,   a r e   h i g h   b o i l i n g ,   h i g h l y   a r o m a t i c   s t r e a m s   c o n -  

t a i n i n g   s u c h   p i t c h e s   or   t h a t   a r e   c a p a b l e   of   b e i n g   c o n -  

v e r t e d   i n t o   s u c h   p i t c h e s .  

On  a  w e i g h t   b a s i s ,   t h e   u s e f u l   p i t c h e s   w i l l   h a v e  

f r o m   a b o u t   88%  to   a b o u t   93%  c a r b o n   and   f r o m   a b o u t   7%  t o  

a b o u t   5%  h y d r o g e n .   W h i l e   e l e m e n t s   o t h e r   t h a n   c a r b o n  

and  h y d r o g e n ,   s u c h   as  s u l f u r   and   n i t r o g e n ,   to   m e n t i o n   a  

f e w ,   a r e   n o r m a l l y   p r e s e n t   i n   s u c h   p i t c h e s ,   i t   i s   i m p o r t a n t  

t h a t   t h e s e   o t h e r   e l e m e n t s   do  n o t   e x c e e d   4%  by  w e i g h t   o f  

t h e  p i t c h ,   and   t h i s   i s   p a r t i c u l a r l y   t r u e   when  f o r m i n g  

c a r b o n   f i b e r s   f r o m   t h e s e   p i t c h e s .   A l s o ,   t h e s e   u s e f u l  

p i t c h e s   t y p i c a l l y   w i l l   h a v e   a  n u m b e r   a v e r a g e   m o l e c u l a r  

w e i g h t   r a n g e   of   t h e   o r d e r   of   a b o u t   300  t o   4 , 0 0 0 .  

T h o s e   p e t r o l e u m   p i t c h e s   w h i c h   a r e   w e l l   k n o w n  

g r a p h i t i z a b l e   p i t c h e s   m e e t i n g   t h e   f o r e g o i n g   r e q u i r e m e n t s  

a r e   p r e f e r r e d   s t a r t i n g   m a t e r i a l s   f o r   t h e   p r a c t i c e   of   t h e  

p r e s e n t   i n v e n t i o n .   T h u s ,   i t   s h o u l d   be  a p p a r e n t   t h a t  

c a r b o n a c e o u s   r e s i d u e s   of  p e t r o l e u m   o r i g i n ,   and  p a r t i c u -  

l a r l y   i s o t r o p i c   c a r b o n a c e o u s   p e t r o l e u m   p i t c h e s   w h i c h   a r e  

known  to   f o r m   m e s o p h a s e   in   s u b s t a n t i a l   a m o u n t s ,   f o r  

e x a m p l e   in   t h e   o r d e r   of   75%  to   95%  by  w e i g h t   and  h i g h e r ,  

d u r i n g   h e a t   t r e a t m e n t   a t   e l e v a t e d   t e m p e r a t u r e s ,   f o r  

e x a m p l e   in   t h e   r a n g e   of   350°C   t o   4 5 0 ° C ,   a r e   e s p e c i a l l y  

p r e f e r r e d   s t a r t i n g   m a t e r i a l s   f o r   t h e   p r a c t i c e   of  t h e  



p r e s e n t   i n v e n t i o n .  

As  s t a t e d   a b o v e ,   i t   has   b e e n   r e c e n t l y   d i s c o v e r e d  

t h a t   p i t c h e s   of  t h e   f o r e g o i n g   t y p e   h a v e   a  s o l v e n t   i n -  

s o l u b l e   s e p a r a b l e   f r a c t i o n   w h i c h   i s   r e f e r r e d   to  as  a  n e o -  

m e s o p h a s e   f o r m e r   f r a c t i o n ,   of   NMF  f r a c t i o n ,  w h i c h   i s  

c a p a b l e   of   b e i n g   c o n v e r t e d   to   an  o p t i c a l l y   a n i s o t r o p i c  

p i t c h   c o n t a i n i n g   g r e a t e r   t h a n   75%  of   a  h i g h l y   o r i e n t e d  

l i q u i d   c r y s t a l l i n e   m a t e r i a l s   r e f e r r e d   to   as  n e o m e s o p h a s e .  

I m p o r t a n t l y ,   t h e   NMF  f r a c t i o n ,   and  i n d e e d   t h e   n e o m e s o p h a s e  

i t s e l f ,   ha s   s u f f i c i e n t   v i s c o s i t y   a t   t e m p e r a t u r e s   in   t h e  

r a n g e ,   f o r   e x a m p l e ,   of   230°C  to  a b o u t   4 0 0 ° C ,   s u c h   t h a t   i t  

i s   c a p a b l e   of   b e i n g   spun   i n t o   p i t c h   f i b e r .   The  a m o u n t   o f  

n e o m e s o p h a s e   f o r m e r   f r a c t i o n   of  t h e   p i t c h   t e n d s ,   h o w e v e r ,  

to   be  r e l a t i v e l y   l o w .   T h u s ,   f o r   e x a m p l e ,   in  a  c o m m e r c i a l -  

ly   a v a i l a b l e   g r a p h i t i z a b l e   i s o t r o p i c   c a r b o n a c e o u s   p i t c h  

s u c h   as  A s h l a n d   2 4 0 ,   no  more   t h a n   a b o u t   10%  of  t h e   p i t c h  

c o n s i t u t e s   a  s e p a r a b l e   t o l u e n e   i n s o l u b l e   f r a c t i o n   c a p a b l e  

of  b e i n g   t h e r m a l l y   c o n v e r t e d   to  n e o m e s o p h a s e .  

In  a c c o r d a n c e   w i t h   t h e   p r a c t i c e   of  t h e   p r e s e n t  

i n v e n t i o n ,   and  as  shown  in   t h e   f l o w   p l a n   of   F i g u r e   1,  t h e  

i s o t r o p i c   c a r b o n a c e o u s   p i t c h   i s   f l u x e d ,   i . e . ,   t h e   f u s i o n  

p o i n t   of   t h e   p i t c h   i s   l o w e r e d   or   t h e   p i t c h   i s   l i q u i f i e d ,  

by  m i x i n g   an  a p p r o p r i a t e   o r g a n i c   f l u x i n g   l i q u i d   w i t h   t h e  

p i t c h .  

As  u s e d   h e r e i n ,   t h e   t e r m   " o r g a n i c   f l u x i n g   l i -  

q u i d " ,   t h e n ,   r e f e r s   to   an  o r g a n i c   s o l v e n t   w h i c h   i s   n o n -  

r e a c t i v e   t o w a r d   t h e   c a r b o n a c e o u s   g r a p h i t i z a b l e   p i t c h  

and  w h i c h ,   when  m i x e d   w i t h   t h e   p i t c h   in   s u f f i c i e n t   a m o u n t s ,  

w i l l   r e n d e r   t h e   p i t c h   s u f f i c i e n t l y   f l u i d ,   e s p e c i a l l y   a t  

t e m p e r a t u r e s   g e n e r a l l y   in  t h e   r a n g e   of  f rom  a b o u t   20°C  t o  

a b o u t   1 0 0 ° C ,   so  t h a t   i t   can  be  e a s i l y   h a n d l e d .   I f   t h e  

p i t c h   e m p l o y e d   i s   a  b o t t o m   f r a c t i o n   of  a  t y p i c a l   p e t r o l e u m  

p r o c e s s ,   i t   w i l l   l i k e l y   c o n t a i n   c a t a l y s t   f i n e s ,   a sh   a n d  

o t h e r   q u i n o l i n e   i n s o l u b l e   m a t e r i a l s .   C o n s e q u e n t l y ,   t h e  

f l u x i n g   l i q u i d   w i l l   be  one  w h i c h   in  t h o s e   i n s t a n c e s  

c a u s e s   s u b s t a n t i a l l y   a l l   of  t h e   q u i n o l i n e   i n s o l u b l e  



f r a c t i o n   of   t h e   p i t c h   t o   be  s u s p e n d e d   in   t h e   f l u i d   p i t c h .  

S i n c e   t h e   f l u x e d   p i t c h   i s   t o   be  h e a t e d   a t   e l e v a t e d   t e m -  

p e r a t u r e s ,   t h e   f l u x i n g   l i q u i d   p r e f e r a b l y   w i l l   h a v e   a  

b o i l i n g   p o i n t   g r e a t e r   t h a n   a b o u t   1 0 0 ° C ,   and   m o s t   p r e f e r -  

a b l y   in   t h e   r a n g e   of   f r o m   a b o u t   110°C  to   a b o u t   4 5 0 ° C .  

T y p i c a l   o r g a n i c   f l u x i n g   l i q u i d s   s u i t a b l e   in   t h e   p r a c t i c e  

of   t h e   p r e s e n t   i n v e n t i o n   i n c l u d e   l i g h t   a r o m a t i c   g a s   o i l s ,  

h e a v y   a r o m a t i c   gas   o i l s ,   t o l u e n e ,   x y l e n e   and  t e t r a l i n .  

As  s h o u l d   be  r e a d i l y   a p p r e c i a t e d ,   t h e   a m o u n t   o f  

o r g a n i c   f l u x i n g   l i q u i d   e m p l o y e d   w i l l   v a r y   d e p e n d i n g  

u p o n   t h e   t e m p e r a t u r e   a t   w h i c h   t h e   m i x i n g   i s   c o n d u c t e d ,  

a n d ,   i n d e e d ,   d e p e n d i n g   u p o n   t h e   c o m p o s i t i o n   of   t h e   p i t c h  

i t s e l f .   As  a  g e n e r a l   g u i d e ,   h o w e v e r ,   t h e   a m o u n t   o f  

o r g a n i c   f l u x i n g   l i q u i d   e m p l o y e d   w i l l   be  i n   t h e   r a n g e   o f  

a b o u t   .5  p a r t s   by  w e i g h t   o f   o r g a n i c   l i q u i d   p e r   p a r t   b y  

w e i g h t   of   p i t c h   to   3  p a r t s   by  w e i g h t   o f   o r g a n i c   l i q u i d  

p e r   p a r t   by  w e i g h t   of   p i t c h .   P r e f e r a b l y   t h e   w e i g h t   r a t i o  

of  f l u x   t o   p i t c h   w i l l   be  in   t h e   r a n g e   of   f r o m   0 .5   t o   1 : 1 .  

The  d e s i r a b l e   r a t i o   of   f l u x i n g   l i q u i d   to   p i t c h   c a n   b e  

d e t e r m i n e d   v e r y   q u i c k l y   on  a  s a m p l e   of   t h e   p i t c h   b y  

m e a s u r i n g   t h e   a m o u n t   of   f l u x i n g   l i q u i d   r e q u i r e d   to   l o w e r  

t h e   v i s c o s i t y   of   t h e   p i t c h   s u f f i c i e n t l y   a t   t h e   d e s i r e d  

t e m p e r a t u r e   and  p r e s s u r e   c o n d i t i o n s   so  t h a t   t h e   p i t c h  

w i l l   be  a b l e   to   f l o w   t h r o u g h   a  s c r e e n ,   f o r   e x a m p l e ,  

g e n e r a l l y   w i t h   s u c t i o n   f i l t r a t i o n ,   to   r e m o v e   any  l a r g e  

s i z e   s o l i d s   s u s p e n d e d   t h e r e i n .   O p t i o n a l l y ,   t h e   a m o u n t  

of   f l u x i n g   l i q u i d   may  be  s u f f i c i e n t   so  t h a t   a t   t h e   d e s i r e d  

t e m p e r a t u r e   and   p r e s s u r e   c o n d i t i o n s   t h e   p i t c h   w i l l   b e  

s u f f i c i e n t l y   f l u i d   so  as  t o   p a s s   t h r o u g h   a  h a l f   m i c r o n  

f i l t e r   w i t h   s u c t i o n   f i l t r a t i o n .   As  a  f u r t h e r   e x a m p l e ,  

i t   h a s   b e e n   f o u n d   t h a t   0 .5   p a r t s   by  w e i g h t   of   t o l u e n e  

p e r   p a r t   by  w e i g h t   of   A s h l a n d   240  i s   s u f f i c i e n t   t o   r e n d e r  

t h e   p i t c h   f l u i d   a t   a m b i e n t   t e m p e r a t u r e s .  

A f t e r   f l u x i n g   t h e   p i t c h ,   any   of   t h e   q u i n o l i n e  

i n s o l u b l e s   s u s p e n d e d   in   t h e   f l u i d   p i t c h   a r e   o p t i o n a l l y  

and  p r e f e r a b l y   s e p a r a t e d   f r o m   t h e   f l u x e d   p i t c h   by  s t a n d a r d  



l i q u i d - s o l i d   s e p a r a t i o n   t e c h n i q u e s   s u c h   as  s e d i m e n t a t i o n ,  

c e n t r i f u g a t i o n   or   f i l t r a t i o n .  

As  w i l l   be  r e a d i l y   a p p r e c i a t e d ,   i f   f i l t r a t i o n  

i s   t h e   s e l e c t e d   s e p a r a t i o n   t e c h n i q u e   e m p l o y e d ,   a  f i l t e r  

a i d   c a n   be  u s e d   i f   so  d e s i r e d   to   f a c i l i t a t e   t h e   s e p a r a -  
t i o n   of   t h e   f l u i d   p i t c h   f r o m   t h e   i n s o l u b l e   m a t e r i a l   s u s -  

p e n d e d   in   t h e   p i t c h .  

A f t e r   s e p a r a t i o n   of   t h e   s o l i d   m a t e r i a l   s u s p e n d e d  

in   t h e   f l u i d   p i t c h ,   t h e   f l u i d   p i t c h   i s   i n t r o d u c e d ,   p r e f -  

e r a b l y   c o n t i n u o u s l y ,   i n t o   a  h e a t i n g   z o n e   w h e r e   i t   i s   h e a t  

s o a k e d   a t   t e m p e r a t u r e s   in   t h e   r a n g e   of   f r o m   a b o u t   3 5 0 ° C  

to   a b o u t   450°C  f o r   a  t i m e   s u f f i c i e n t   to   i n c r e a s e   t h e  

a m o u n t   of  t h a t   f r a c t i o n   of   t h e   p i t c h   w h i c h   i s   c a p a b l e   o f  

b e i n g   t h e r m a l l y   c o n v e r t e d   i n t o   an  o p t i c a l l y   a n i s o t r o p i c  

p h a s e   w h i c h   has   a  s u i t a b l e   v i s c o s i t y   f o r   s p i n n i n g   i n t o  

f i b e r s   a t   t e m p e r a t u r e s   o f   a b o u t   230°C  t o   a b o u t   4 0 0 ° C .  

In  g e n e r a l ,   t h e   h e a t   s o a k i n g   w i l l   be  f o r   a  t i m e   r a n g i n g  

f r o m   a b o u t   30  m i n u t e s   to   a b o u t   300  m i n u t e s .  

A f t e r   h e a t   s o a k i n g   t h e   p i t c h ,   t h e   f l u x e d   p i t c h  

i s   t h e n   t r a n s f e r r e d   to   a  c o o l i n g   z o n e .   B a s i c a l l y ,   t h e  

t e m p e r a t u r e   in   t h e   c o o l i n g   z o n e   w i l l   r a n g e   f rom  a b o v e  

t h e   f r e e z i n g   p o i n t   of   t h e   f l u x e d   and  h e a t   s o a k e d   p i t c h  

to   b e l o w   t h e   t e m p e r a t u r e   in   t h e   h e a t i n g   z o n e .   I n d e e d ,  

in  a  p a r t i c u l a r l y   p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e   t e m p e r a t u r e   in   t h e   c o o l i n g   zone   i s   m a i n -  

t a i n e d   a t   t h e   b o i l i n g   p o i n t   of  t h e   o r g a n i c   l i q u i d   u s e d  

to  f l u x   t h e   p i t c h .   T h u s ,   f o r   e x a m p l e ,   when  t o l u e n e   i s  

u s e d   as  t h e   o r g a n i c   l i q u i d   f o r   f l u x i n g   t h e   p i t c h ,   t h e  

t e m p e r a t u r e   in  t h e   c o o l i n g   z o n e   w i l l   be  m a i n t a i n e d   a t  

r e f l u x i n g   t o l u e n e   t e m p e r a t u r e s .  

As  w i l l   be  r e a d i l y   a p p r e c i a t e d ,   in   a  c o n t i n u o u s  

p r o c e s s   f l u x e d   p i t c h   w i l l   be  f e d   i n t o   t h e   h e a t i n g   z o n e  a n d  

a  p o r t i o n   of   t h e   f l u x e d   p i t c h   in   t h e   h e a t i n g   zone   w i l l  b e  

d r a w n   o f f   and  t r a n s f e r r e d   t o   t h e   c o o l i n g   zone   a t   a  r a t e  

s u c h   t h a t   t h e   a v e r a g e   r e s i d e n c e   t i m e   of  t h e   f l u x e d   p i t c h  

in   t h e   h e a t i n g   zone   w i l l   be  s u f f i c i e n t   to   i n c r e a s e   t h a t  



f r a c t i o n   of  t h e   p i t c h   w h i c h   i s   c a p a b l e   of   b e i n g   t h e r m a l l y  

c o n v e r t e d   to   an  o p t i c a l l y ' a n i s o t r o p i c   p h a s e   w i t h   a  v i s -  

c o s i t y   s u i t a b l e   f o r   s p i n n i n g   i n t o   f i b e r s   a t   t e m p e r a t u r e s  

in   t h e   r a n g e   of   a b o u t   2 3 0 ° C   t o   a b o u t   4 0 0 ° C .   The  r e s i -  

d e n c e   t i m e   t y p i c a l l y   f o r   a  f l u x e d   p i t c h   in   t h e   h e a t i n g  

z o n e   w i l l   be  in   t h e   r a n g e   of   a b o u t -  3 0   m i n u t e s   t o   a b o u t  

300  m i n u t e s .  

S i n c e   t h e   h e a t i n g   of   t h e   f l u x e d   p i t c h   t e n d s   t o  

r e s u l t   in   t h e   g e n e r a t i o n   o f   m a t e r i a l s   t h a t   h a v e  
much  h i g h e r   s o f t e n i n g   p o i n t s   and  v i s c o s i t i e s   t h a n   t h e  

f l u x e d   p i t c h ,   t h e s e   m a t e r i a l s   w i l l   t e n d   t o   b e g i n   t o  

s e p a r a t e   in   t h e   c o o l i n g   z o n e .   C o n s e q u e n t l y ,   t h e   f l u x e d  

p i t c h   f r o m   t h e   c o o l i n g   z o n e   c o n t a i n i n g   s o l i d s   s u s p e n d e d  

t h e r e i n   i s   s e p a r a t e d   f r o m   t h e   s o l i d s   by  s t a n d a r d   s o l i d -  

l i q u i d   s e p a r a t i o n   t e c h n i q u e s .   P r e f e r a b l y   p r i o r   to   s e p a r a -  
t i o n   of   t h e   s o l i d s ,   t h e   t e m p e r a t u r e   of   t h e   f l u x e d   p i t c h  

i s   l o w e r e d   to   a m b i e n t   t e m p e r a t u r e .  

A f t e r   s e p a r a t i o n   of   t h e   s o l i d   m a t e r i a l   s u s p e n d e d  

in   t h e   f l u x e d   and  h e a t   s o a k e d   p i t c h ,   t h e   f l u i d   p i t c h   i s  

t h e n   t r e a t e d   w i t h   an  a n t i - s o l v e n t ,   a l s o   p r e f e r a b l y   a t  

a m b i e n t   t e m p e r a t u r e .   T h u s ,   f o r   e x a m p l e ,   i n   t h e   c a s e   w h e r e  

f i l t r a t i o n   i s   u s e d   t o   s e p a r a t e   t h e   s o l i d   s u s p e n d e d   m a t t e r  

f r o m   t h e   f l u i d   p i t c h ,   t h e   f i l t r a t e   i s   m i x e d   w i t h   a n  

o r g a n i c   l i q u i d   w h i c h   i s   c a p a b l e   of   p r e c i p i t a t i n g   a t   l e a s t  

a  s u b s t a n t i a l   p o r t i o n   o f   t h e   p i t c h .  

As  w i l l   be  a p p r e c i a t e d ,   any  s o l v e n t   s y s t e m ,  

i . e . ,   a  s o l v e n t   o r   m i x t u r e   of   s o l v e n t s ,   w h i c h   w i l l   r e s u l t  

in   t h e   p r e c i p i t a t i o n   and  f l o c c u l a t i o n   of   t h e   f l u i d   p i t c h  

c a n   be  e m p l o y e d   in   t h e   p r a c t i c e   of   t h e   p r e s e n t   i n v e n t i o n .  

H o w e v e r ,   s i n c e   i t   i s   p a r t i c u l a r l y   d e s i r a b l e   in   t h e   p r a c -  
t i c e   of   t h e   p r e s e n t   i n v e n t i o n   to   u s e   t h a t   f r a c t i o n   of  t h e  

p i t c h   w h i c h   i s   c o n v e r t i b l e   i n t o   n e o m e s o p h a s e ,   a  s o l v e n t  

s y s t e m   p a r t i c u l a r l y   s u i t a b l e   in   s e p a r a t i n g   t h e   n e o m e s o - ,  

p h a s e   f o r m e r   f r a c t i o n   of   t h e   p i t c h   f r o m   t h e   r e m a i n d e r  

of   t h e   i s o t r o p i c   p i t c h   i s   p a r t i c u l a r l y   p r e f e r r e d   f o r  



p r e c i p i t a t i n g   t h e   p i t c h .  

T y p i c a l l y   s u c h   s o l v e n t   s y s t e m s   i n c l u d e   a r o m a t i c  

h y d r o c a r b o n s   s u c h   as  b e n z e n e ,   t o l u e n e ,   x y l e n e   and   t h e  

l i k e ,   and  m i x t u r e s   of   s u c h   a r o m a t i c   h y d r o c a r b o n s   w i t h  

a l i p h a t i c   h y d r o c a r b o n s   s u c h   as  t o l u e n e - h e p t a n e   m i x t u r e s .  

The  s o l v e n t s   or   m i x t u r e s   of   s o l v e n t s   t y p i c a l l y   w i l l   h a v e  

a  s o l u b i l i t y   p a r a m e t e r   of   b e t w e e n   a b o u t   8 .0   and  9 .5   a n d  

p r e f e r a b l y   b e t w e e n   a b o u t   8 .7   and  9 .2   a t   2 5 ° C .   The  s o l u -  

b i l i t y   p a r a m e t e r , Y  ,   of   a  s o l v e n t   o r   a  m i x t u r e   of   s o l -  

v e n t s   i s   g i v e n   by  t h e   e x p r e s s i o n  

w h e r e   H   i s   t h e   h e a t   of   v a p o r i z a t i o n   of   t h e   m a t e r i a l ,   R 

i s   t h e   m o l a r   gas   c o n s t a n t ,   T  i s   t h e   t e m p e r a t u r e   in   d e g r e e s  

K  and  V  i s   t h e   m o l a r   v o l u m e .   In  t h i s   r e g a r d ,   s e e ,   f o r  

e x a m p l e ,   J .   H i l d e b r a n d   and  R.  S c o t t ,   " S o l u b i l i t y   of  N o n -  

E l e c t r o l y t e s " ,   3 rd   e d i t i o n ,   R e i n h o l d   P u b l i s h i n g   C o m p a n y ,  

New  York  (1949)   and  " R e g u l a r   S o l u t i o n s " ,   P r e n t i c e   H a l l ,  

New  J e r s e y   ( 1 9 6 2 ) .   The  s o l u b i l i t y   p a r a m e t e r s   a t   25°  f o r  

some  t y p i c a l   h y d r o c a r b o n s   in   c o m m e r c i a l   C6  to   C8  s o l v e n t s  

a r e   as  f o l l o w s :   b e n z e n e ,   9 . 2 ;   t o l u e n e ,   8 . 9 ;   x y l e n e ,   8 . 8 ;  

n - h e x a n e ,   7 . 3 ;   n - h e p t a n e ,   7 . 4 ;   m e t h y l   c y c l o h e x a n e ,   7 . 8 ;  

and  c y c l o h e x a n e ,   8 . 2 .   Among  t h e   f o r e g o i n g   s o l v e n t s ,  

t o l u e n e   i s   p r e f e r r e d .   A l s o ,   as  i s   w e l l   k n o w n ,   s o l v e n t  

m i x t u r e s   c an   be  p r e p a r e d   to   p r o v i d e   a  s o l v e n t   s y s t e m   w i t h  

t h e   d e s i r e d   s o l u b i l i t y   p a r a m e t e r .   Among  m i x e d   s o l v e n t  

s y s t e m s ,   a  m i x t u r e   of   t o l u e n e   and  h e p t a n e   i s   p r e f e r r e d ,  

h a v i n g   g r e a t e r   t h a n   a b o u t   60  v o l u m e   %  t o l u e n e ,   s u c h   a s  

60%  t o l u e n e / 4 0 %   h e p t a n e ,   and  85%  t o l u e n e / 1 5 %   h e p t a n e .  

The  a m o u n t   of  a n t i - s o l v e n t   e m p l o y e d   w i l l   b e  

s u f f i c i e n t   to   p r o v i d e   a  s o l v e n t   i n s o l u b l e   f r a c t i o n   w h i c h  

i s   c a p a b l e   of  b e i n g   t h e r m a l l y   c o n v e r t e d   to   g r e a t e r   t h a n  

75%  of  an  o p t i c a l l y   a n s i o t r o p i c   m a t e r i a l   in   l e s s   t h a n   t e n  

m i n u t e s .   T y p i c a l l y ,   t h e   r a t i o   of  o r g a n i c   s o l v e n t   to   p i t c h  

w i l l   be  in   t h e   r a n g e   of  a b o u t   5  ml  to   a b o u t   150  m l  



of   s o l v e n t   p e r   g r a m   of   p i t c h .  

A f t e r   p r e c i p i t a t i o n   of   t h e   p i t c h   and  p a r t i c u -  

l a r l y   in   t h e   i n s t a n c e s   w h e r e   t h e   p r o p e r   s o l v e n t   s y s t e m  

was  u s e d ,   s e p a r a t i o n   o f   t h e   n e o m e s o p h a s e   f o r m e r   f r a c t i o n  

of   t h e   p i t c h   c a n   be  r e a d i l y   e f f e c t e d   by  n o r m a l   s o l i d  

s e p a r a t i o n   t e c h n i q u e s   s u c h   as   s e d i m e n t a t i o n ,   c e n t r i f u g a -  

t i o n ,   and  f i l t r a t i o n .   I f   an  a n t i - s o l v e n t   i s   u s e d   w h i c h  

d o e s   n o t   h a v e   t h e   r e q u i s i t e   s o l u b i l i t y   p a r a m e t e r   to   e f f e c t  

s e p a r a t i o n   o f   t h e   n e o m e s o p h a s e   f o r m e r   f r a c t i o n   of   t h e  

p i t c h ,   i t   w i l l ,   of   c o u r s e ,   be  n e c e s s a r y   t o   s e p a r a t e   t h e  

p r e c i p i t a t e d   p i t c h   and   e x t r a c t   t h e   p r e c i p i t a t e   w i t h   a n  

a p p r o p r i a t e   s o l v e n t   as  d e s c r i b e d   a b o v e   t o   p r o v i d e   t h e  

n e o m e s o p h a s e   f o r m e r   f r a c t i o n .  

In  any   e v e n t ,   t h e   n e o m e s o p h a s e   f o r m e r   f r a c t i o n  

of   t h e   p i t c h   p r e p a r e d   in   a c c o r d a n c e   w i t h   t h e   p r o c e s s   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   e m i n e n t l y   s u i t a b l e   f o r   c a r b o n  

f i b e r   p r o d u c t i o n .   I n d e e d ,   t h e   p i t c h   t r e a t e d   in   a c c o r d -  

a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   i s   s u b s t a n t i a l l y   f r e e   f r o m  

q u i n o l i n e   i n s o l u b l e   m a t e r i a l s   as  w e l l   as  s u b s t a n t i a l l y  

f r e e   f r o m   o t h e r   p i t c h   c o m p o n e n t s   w h i c h   d e t r i m e n t a l l y  

a f f e c t   t h e   s p i n n a b i l i t y   of   t h e   p i t c h   b e c a u s e   of   t h e i r  

r e l a t i v e l y   h i g h   s o f t e n i n g   p o i n t s .   I m p o r t a n t l y ,   t h e   n e o -  

m e s o p h a s e   f o r m e r   f r a c t i o n   of   v a r i o u s   p i t c h e s   o b t a i n e d   i n  

a c c o r d a n c e   w i t h   t h e   p r a c t i c e   of   t h e   p r e s e n t   i n v e n t i o n  

h a v e   s o f t e n i n g   p o i n t s   in   t h e   r a n g e   of   a b o u t   250°   to   a b o u t  

4 0 0 ° C .  

R e f e r e n c e   i s   now  made  s p e c i f i c a l l y   to   t h e   p a r t i -  

c u l a r l y   p r e f e r r e d   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n  

shown  in  F i g u r e   2  w h e r e i n   a  r e s i d u e   o f   p e t r o l e u m   o r i g i n  

s u c h   as  d i s t i l l e d   o r   c r a c k e d   r e s i d u u m   of   p e t r o l e u m   p i t c h  

or   o t h e r   c o m m e r c i a l l y   a v a i l a b l e   p e t r o l e u m   p i t c h   i s   f l u x e d  

w i t h   an  o r g a n i c   f l u x i n g   m a t e r i a l   h a v i n g   a  b o i l i n g   p o i n t  

g e n e r a l l y   b e l o w   a b o u t   1 5 0 ° C .   I n   t h e   e m b o d i m e n t   d e t a i l e d  

h e r e i n ,   t h e   o r g a n i c   f l u x i n g   l i q u i d   i s   t o l u e n e .   The  f l u x e d  

p i t c h   i s   c o n t i n u o u s l y   i n t r o d u c e d   v i a   l i n e   1  i n t o   h e a t  

s o a k i n g  v e s s e l   2.  The  h e a t   s o a k i n g   v e s s e l   i s   m a i n t a i n e d  



a t   t e m p e r a t u r e s   in   t h e   r a n g e   of   a b o u t   350°C  to   a b o u t   4 5 0 ° C .  

O p t i o n a l l y   and  p r e f e r a b l y   t h e   h e a t i n g   i s   s t a r t e d   and  d o n e  

in   an  i n e r t   a t m o s p h e r e   s u c h   as  n i t r o g e n   w h i c h   can   b e  

i n t r o d u c e d   when  d e s i r e d   v i a   l i n e   3.  A  m i x e r   o p t i o n a l l y  

c a n   be  p r o v i d e d   in  h e a t   s o a k e r   2;  h o w e v e r ,   s i n c e   t h e  

o r g a n i c   f l u x i n g   l i q u i d   has   a  b o i l i n g   p o i n t   b e l o w   t h a t   o f  

t h e   t e m p e r a t u r e   r a n g e   b e i n g   m a i n t a i n e d   in   t h e   h e a t   s o a k e r ,  

m i x i n g   i s   n o t   n e c e s s a r y   i f   t h e   f l u x e d   p i t c h   i s   i n t r o -  

d u c e d   b e l o w   t h e   l i q u i d   l e v e l   in   t h e   h e a t   s o a k e r .   T h u s ,  

as  i s   shown  in   F i g u r e   2,  l i n e   1  e x t e n d s   b e l o w   t h e   l i q u i d  

l e v e l   4  in   h e a t   s o a k e r   v e s s e l   2.  H e a t   s o a k e d   and  f l u x e d  

p i t c h   i s   d r a w n   o f f   f rom  t h e   h e a t   s o a k e r   2  v i a   l i n e   5  a n d  

t r a n s f e r r e d   to   t h e   c o o l i n g   z o n e   6.  T h u s ,   f l u x e d   p i t c h   i s  

b e i n g   i n t r o d u c e d   c o n t i n u o u s l y   i n t o   t h e   h e a t   s o a k e r   a n d  

b e i n g   r e m o v e d   c o n t i n u o u s l y   t h e r e f r o m   a t   a  r a t e   s u f f i c i e n t  

to   m a i n t a i n   t h e   r e s i d e n c e   t i m e   in   t h e   h e a t   s o a k e r   in   t h e  

r a n g e   of   a b o u t   30  to   300  m i n u t e s .   The  c o o l i n g   z o n e  

v e s s e l   6  i s   e q u i p p e d   w i t h   a  r e f l u x   c o n d e n s e r   or  c o o l i n g  

t o w e r   7,  t h e r e b y   p r o v i d i n g   f o r   t h e   a u t o m a t i c   c o o l i n g   o f  

t h e   f l u x e d   l i q u i d   in   t h e   c o o l i n g   z o n e   to   a  t e m p e r a t u r e  

b e l o w   t h e   t e m p e r a t u r e   in  t h e   h e a t   s o a k e r .   T h u s ,   in   t h e  

i n s t a n c e   w h e r e   t o l u e n e   i s   e m p l o y e d   as  t h e   o r g a n i c   f l u x i n g  

l i q u i d ,   t h e   m a t e r i a l   b e i n g   d r a w n   o f f   f r om  t h e   h e a t   s o a k e r  

w i l l   c o n s i s t   in   p a r t   of  t o l u e n e   v a p o r s   w h i c h   w i l l   b e  

c o o l e d   in  t h e   c o n d e n s e r   and  r e t u r n e d   to   t h e   p i t c h   in  t h e  

v e s s e l   6  t h e r e b y   c o o l i n g   t h e   m a t e r i a l   b e i n g   r e m o v e d   f r o m  

t h e   h e a t   s o a k e r .   D e c o m p o s i t i o n   g a s e s ,   of  c o u r s e ,   can   b e  

r e m o v e d   f r o m   t h e   s y s t e m   v i a   l i n e   8.  A l s o ,   as  i s   s h o w n ,  

c o o l i n g   v e s s e l   6  may  c o n t a i n   an  o p t i o n a l   s t i r r e r   9 .  

C o o l e d   p r o d u c t   c an   be  r e m o v e d   v i a   l i n e   10  and  v a l v e   1 1  

f o r   s u b s e q u e n t   f i l t r a t i o n   in   zone   14.   The  s o l i d s   a r e  

r e m o v e d   f r o m   zone   14  by  l i n e   15.   T h e  f i l t r a t e   i s   p a s s e d  

v i a   l i n e   16  t o   p r e c i p i t a t i o n   z o n e   17  w h e r e   i t   i s   t r e a t e d  

w i t h   an  a n t i - s o l v e n t   i n t r o d u c e d ,   f o r   e x a m p l e ,   by  l i n e  

1 8 .  

A f t e r   p r e c i p i t a t i o n   of  t h e   d e s i r e d   f r a c t i o n   b y  

m i x i n g   w i t h   a n t i - s o l v e n t ,   t h e   m i x t u r e   i s   r e m o v e d   v i a   l i n e  



19  and  v a l v e   20  and  f i l t e r e d   in   zone   21  t o   s e p a r a t e   t h e  

s o l i d   n e o m e s o p h a s e   f o r m e r   f r a c t i o n   of  t h e   p i t c h .   T h e  

s o l i d   i s   r e m o v e d ,   f o r   e x a m p l e ,   v i a   l i n e   22  and  t h e   a n t i -  

s o l v e n t   v i a   l i n e   23.  The  a n t i - s o l v e n t ,   of   c o u r s e ,   can   b e  

r e c y c l e d   e i t h e r   as  i s ,   o r ,   i f   n e c e s s a r y ,   a f t e r   a p p r o p r i a t e  

p u r i f i c a t i o n .  

A  more   c o m p l e t e   u n d e r s t a n d i n g   of   t h e   p r o c e s s   o f  

t h e   i n v e n t i o n   can   be  o b t a i n e d   by  r e f e r e n c e   to   t h e   f o l l o w -  

i n g   e x a m p l e   w h i c h   i s   i l l u s t r a t i v e   o n l y   and  n o t   m e a n t   t o  

l i m i t   t h e   s c o p e   t h e r e o f   w h i c h   i s   f u l l y   d i s c l o s e d   in   t h e  

h e r e i n a f t e r   a p p e n d e d   c l a i m s .  

EXAMPLE 

A  c o m m e r c i a l l y   a v a i l a b l e   p e t r o l e u m   p i t c h  

( A s h l a n d   240)  was  f l u x e d   w i t h   t o l u e n e   by  m i x i n g   t h e   p i t c h  

w i t h   t o l u e n e   in   t h e   w e i g h t   r a t i o   of  0 .5   to   1.  The  f l u x e d  

p i t c h   was  f e d   c o n t i n u o u s l y   a t   a  r a t e   of   0 . 3 3   v o l / r e a c t o r  

v o l / H r   to   a  r o u n d   b o t t o m   v e s s e l   w h i c h   was  m a i n t a i n e d   a t  

a  t e m p e r a t u r e   in   t h e   r a n g e   of  415°C  to   4 3 5 ° C .   The  f l u x e d  

p i t c h   was  i n t r o d u c e d   i n t o   t h e   r o u n d   b o t t o m   v e s s e l   b e l o w  

t h e   d r a w - o f f   l i n e   f o r   l i q u i d   in   t h a t   v e s s e l   w h i c h   r e s u l t e d  

in   s u f f i c i e n t   a g i t a t i o n   t o   k e e p   t h e   f l u x e d   p i t c h   t h a t  

was  b e i n g   h e a t e d   w e l l   m i x e d .   The  h e a t   s o a k e d   p i t c h   w a s  

w i t h d r a w n   by  a  h o r i z o n t a l   l i n e   a t   a b o u t   m i d - p o i n t   in   t h e  

v e s s e l   and  d e l i v e r e d   t o   a  s e c o n d   r o u n d   b o t t o m   v e s s e l   w h i c h  

was  f i t t e d   w i t h   a  r e f l u x   c o n d e n s e r .   C o n s e q u e n t l y ,   t h e  

r a t e   of   w i t h d r a w a l   of  f l u x e d   p i t c h   f r o m   t h e   h e a t i n g   z o n e  

was  e q u a l   to   t h e   r a t e   of  i n t r o d u c t i o n   t h e r e i n   and  t h e  

s o - w i t h d r a w n   p i t c h   was  m a i n t a i n e d   a t   f l u x i n g   t o l u e n e  

t e m p e r a t u r e .   P r o d u c t   was  w i t h d r a w n   f r o m   t h e   s e c o n d   v e s s e l  

and   c e n t r i f u g e d   a t   room  t e m p e r a t u r e   w h e r e   t h e   c e n t r i f u g e d  

l i q u i d   was  t r e a t e d   w i t h   e x c e s s   t o l u e n e   in   t h e   r a t i o   o f  

16  p a r t s   of   t o l u e n e   p e r   p a r t   of  c e n t r i f u g a t e   to   p r o v i d e  

2 2 . 9   w t .  %   of  a  t o l u e n e   i n s o l u b l e   m a t e r i a l   w h i c h   h a d  

a  s o f t e n i n g   r a n g e   of   f rom  a b o u t   350°C  to   a b o u t   3 7 5 ° C .  

The  s o f t e n i n g   r a n g e   of  t h e   s a m p l e   was  d e t e r m i n e d  

i n   a  n i t r o g e n   b l a n k e t e d   c a p p e d   NMR  t u b e .   A d d i t i o n a l l y ,  



a f t e r   h e a t i n g   to   a  t e m p e r a t u r e   w i t h i n   t h e   s o f t e n i n g   r a n g e ,  
t h e   h e a t e d   p i t c h   was  e x a m i n e d   u n d e r   p o l a r i z e d   l i g h t   b y  

m o u n t i n g   a  s a m p l e   on  a  s l i d e   w i t h   P e r m o u n t ,   a  h i s t o l o g i c a l  

m o u n t i n g   m e d i u m   s o l d   by  F i s c h e r   S c i e n t i f i c   C o m p a n y ,  

F a i r l a w n ,   New  J e r s e y .   A  s l i p   c o v e r   was  p l a c e d   o v e r   t h e  

s l i d e   by  r o t a t i n g   t h e   c o v e r   u n d e r   hand   p r e s s u r e   and  t h e  

m o u n t e d   s a m p l e   was  c r u s h e d   to   a  p o w d e r   and  e v e n l y   d i s -  

p e r s e d   on  t h e   s l i d e .   T h e r e a f t e r   t h e   c r u s h e d   s a m p l e   w a s  

v i e w e d   u n d e r   p o l a r i z e d   l i g h t   a t   a . m a g n i f i c a t i o n   f a c t o r  

of   200X  and  t h e   p e r c e n t   o p t i c a l   a n i s o t r o p y   was  e s t i m a t e d  

to   be  g r e a t e r   t h a n   75%.  T h u s ,   t h e   p r o d u c t   h a s   t h e   r e -  

q u i s i t e   p r o p e r t i e s   f o r   a  c a r b o n   f i b e r   f e e d s t o c k .  



1.  A  p roce s s   for  t r e a t i n g   a  ca rbonaceous   p i t c h ,   for  example  

an  i s o t r o p i c   c a r b o n a c e o u s   p i t c h ,   c h a r a c t e r i z e d   by  the  s teps   o f :  

(a)  f l u x i n g   the  said  p i t c h ;  

(b)  h e a t i n g   the  f luxed  p i t c h   at  a  t e m p e r a t u r e   in  the  r a n g e  
3500C  to  450°C;  

(c)  t h e r e a f t e r   s e p a r a t i n g   s o l i d s   suspended  in  the  f l u x e d  

p i tch   to  p r o v i d e   a  f l u i d   p i t c h ;  

(d)  t r e a t i n g   the  f l u i d   p i t c h   with  an  o rgan ic   s o l v e n t   s y s t e m ,  

p r e f e r a b l y   hav ing   a  s o l u b i l i t y   pa rame te r   at  25°C  of  between  8.0  and  

9.5,  said  t r e a t i n g   being  at  a  t e m p e r a t u r e   and  with  an  amount  o f  

organic   s o l v e n t   system  s u f f i c i e n t   to  p rov ide   a  s o l v e n t - i n s o l u b l e  

f r a c t i o n   which  is  t h e r m a l l y   c o n v e r t i b l e   in to   a  p i t c h ,   which  is  p r e f e r a b l y  

deformable   and  p r e f e r a b l y   c o n t a i n s   g r e a t e r   than  75%  o f  an   o p t i c a l l y  

a n i s o t r o p i c   phase ;   and  

(e)  r e c o v e r i n g   the  s o l v e n t - i n s o l u b l e   f r a c t i o n .  

2.  A  p r o c e s s   as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  t h a t  

the  f luxed  p i t c h   is  hea ted   for  30  minutes   to  300  m i n u t e s .  

3.  A  p r o c e s s   as  c laimed  in  claim  1  or  c laim  2,  c h a r a c t e r i z e d  

in  tha t   the  h e a t e d ,   f luxed   p i t ch   of  s tep  (c)  is  cooled  to  a  t e m p e r a t u r e  

below  said  h e a t i n g   t e m p e r a t u r e   be fo re   s e p a r a t i n g   suspended  s o l i d s .  

4.  A  p r o c e s s   for  p r e p a r i n g   a  f e e d s t o c k   s u i t a b l e   for  c a r b o n  

a r t i f a c t   m a n u f a c t u r e   c o m p r i s i n g :  

(a)  t a k i n g   an  i s o t r o p i c   ca rbonaceous   p i t c h ;  

(b)  f l u x i n g   the  said  p i t c h ;  

(c)  c o n t i n u o u s l y   f eed ing   said  f luxed   p i t c h   to  a  hea t   zone  

main ta ined   at  a  t e m p e r a t u r e   in  the  range  350°C  to  450°C,  w h i l e  

(d)  s i m u l t a n e o u s l y   removing  f luxed   p i t c h   from  said  h e a t i n g  

zone  to  a  c o o l i n g   zone  m a i n t a i n e d   at  a  t e m p e r a t u r e   below  the  t e m p e r a t u r e  

in  said  h e a t i n g   zone,   the  r a t e   of  f eed ing   and  removal  being  s u f f i c i e n t  

to  provide  an  a v e r a g e   r e s i d e n c e   time  of  f luxed  p i t c h   in  the  h e a t i n g  

zone  of  from  30  minu tes   to  300  m i n u t e s ;  

(e)  removing  the  heated   f luxed  p i t c h   from  the  coo l i ng   zone  

and  s e p a r a t i n g   s o l i d s   to  o b t a i n  a   f l u i d   p i t c h   t h e r e f r o m ;  



(f)  t r e a t i n g   said  f l u id   p i t ch   with  an  o rgan ic   s o l v e n t  

system  in  an  amount  s u f f i c i e n t   to  p r e c i p i t a t e   a  f r a c t i o n   of  the  p i t c h  

which  is  capable   of  being  t he rma l ly   conver ted   to  an  o p t i c a l l y  

a n i s o t r o p i c   phase;   and 

(g)  r e c o v e r i n g   the  p r e c i p i t a t e d   f r a c t i o n .  

5.  A  p rocess   as  claimed  in  claim  4,  c h a r a c t e r i z e d   in  t h a t  

the  o rgan i c   s o l v e n t   system  employed  in  step  (f)  is  one  having  a  

s o l u b i l i t y   pa rame te r   at  25°C  of  between  8.0  and  9.5,   whereby  s a i d  

f r a c t i o n   of  said  p i t ch   p r e c i p i t a t e d   is  capable   of  being  t h e r m a l l y  

conver ted   in to   de formable   p i t ch   c o n t a i n i n g   g r e a t e r   than  75%  of  an  

o p t i c a l l y   a n i s o t r o p i c   p h a s e .  

6.  A  p rocess   as  claimed  in  any  p r eced ing   c l a i m ,  

c h a r a c t e r i z e d   in  tha t   the  p i t ch   is  f luxed  by  adding  an  o rgan ic   f l u x i n g  

l i q u i d   s e l e c t e d   from  l i g h t   a romat ic   gas  o i l s ,   heavy  a romat i c   gas  o i l s ,  

t o l u e n e ,   xylene  and  t e t r a l i n .  

7.  A  p rocess   as  claimed  in  claim  6,  c h a r a c t e r i z e d   in  t h a t  

the  o rgan ic   f l u x i n g   l i q u i d   is  employed  in  the  range  0.5  to  3  pa r t s   by 

weight  of  the  l i q u i d   per  par t   by  weight  of  the  p i t c h .  

8.  A  p rocess   as  claimed  in  claim  7,  c h a r a c t e r i z e d   in  t h a t  

the  said  weight   r a t i o   is  in  the  range  of  0.5  to  1 : 1 .  
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